INTRODUCTION
ZnO is partially ionic in nature due to the natural existence of native defects such as zinc vacancy V Zn , zinc interstitials Zn i and oxygen vacancy V O incorporated during their growth and hence, lack in attaining p-type dopant impurities for ZnO. In order to attain the potential offered by ZnO, both high quality n-and p-type ZnO are indispensable. However, the difficulty in bipolar carrier doping is a major obstacle for wide bandgap semiconductor ZnO [1] . The limitation in conquering p-type doping in ZnO, switched the researcher to work on hetero-junctions. In this paper, we report on the structural, optical, and electrical properties of polycrystalline ZnO thin films prepared by solution-route spin coating method and also report on the rectifying characteristics of heterojunction revealing a non-ideal junction formation between the n-and p-type semiconductors.
FILM PREPARATION
ZnO precursor solution is prepared by dissolving zinc acetate in solution mixture of acetone, 2-methoxy ethanol, and stabilizer namely mono-ethanol amine. The concentration of zinc acetate is fixed as 0.1 M and the solution is stirred for 4 h at 60 °C until a clear, homogeneous mixture solution is obtained. Doping is achieved by adding the dopant precursor namely aluminium nitrate and yttrium nitrate to the ZnO precursor solution. The influence of dopant on the structure, morphology, and optical properties of ZnO is recognized by varying the dopant concentration from 0 to 15 atomic percent (at. %). The doped films are designated as MX where, M is the dopant ions (Al and Y) and X is the dopant concentration 0, 1, 3, 6, 9, and 15 in at. %. For hetero-junction, p-type layer coating is achieved by dissolving 1 mg of RB in 10 mL of chloroform. The molecular formula, chemical name, and molecular structure of RB is represented as For I-V study, the layer-wise deposition of n-type ZnO followed by p-type organic RB semiconductor on ITO substrate is achieved by solution-route spin coating process. In our experimental work, three different combinations of pn hetero-junctions are formed and they are represented as pure ZnO on RB (pn1); Al6 on RB (pn2) and Y6 on RB (pn3). The XRD of the ZnO film, synthesized by spin coating process is collected on Ultima III Rigaku powder Xray diffractometer with Cu K α1 source. SEM studies are performed with JEOL JSM 6700F and the surface morphologies of the ZnO thin films are examined under atmospheric conditions using Park Systems Model XE-100 in contact mode. The carrier concentration and mobility measurement of the films are done using Hall Effect measurement system (Ecopia, HMS-3000). The diode rectifying characteristics are performed using interfaced Electrochemical analyzer of Model 680 Amp Boosters. The structural, morphological and optical transmission properties of pure and doped ZnO films annealed at 450 °C are analyzed and reported in our earlier paper [2] . The AFM image of the RB portrayed in Fig. 2b comprises of nanowires with rms surface roughness of 2 nm for a scan area of 10 µm X 10 µm. The surface topography of the pure and doped ZnO thin films is highly rough with large agglomerated grains indicating poor crystalline quality. It is observed that the grains grow nonuniformly with heterogeneous distribution. The rms surface roughness of the pure ZnO, Al1, and Y1 doped thin films, as determined from AFM measurements are 7 nm, 3 nm, and 6 nm respectively. The rms surface roughness value predicted for higher dopant concentration is greater than the lower concentration (not included in the figure) and it is important to control the coating parameter during the film growth, in order to get ZnO films with smooth surface morphology and good crystallinity. The variation in rms roughness as a function of dopant concentration is plotted as a bar graph in Fig. 2(a) . . No significant variation in the carrier concentration is observed for Al and Y doped films even for high doping content. In Al doped ZnO films, the simultaneous increase in mobility with carrier concentration suggests that the incorporation of Al ions passivate the defects at grain boundaries. The spin coated RB film revealed acceptable p-type conduction with hole concentration of about 1.68˟10 15 cm -3 and Hall mobility of 1.70 cm 2 /Vs. Fig. 4 shows the I-V characteristics of pn heterojunction and it displays a poor rectifying behavior, almost an Ohmic nature. However, pn hetero-junction of pn2 shows a fair rectification feature with turn on voltage of 2.65 V in forward bias. Once the I-V plots are obtained, the cut-in voltage denoted by V c is determined by extending the linear portion of the forward region of the I-V curve. The dynamic resistance r d is equal to the inverse of the slope obtained from the linear forward region of the I-V plots. The reverse saturation current I s or leakage current can be determined with the aid of the natural logarithm of current versus the voltage curves. The operating device parameters and rectification ratio extracted from I-V curve are summarized in Table 1 .
RESULTS AND DISCUSSIONS
The Schottky diode equation is represented by I=I s +exp(eV/Nk B T) -1 and taking ln function on both sides, the equation modifies to lnI = lnI s +(eV/Nk B T). Here, N is the diode ideality factor and the value can be obtained from the slope of ln I-V characteristics. The dimensionless component N and intrinsic diode resistance are the two crucial parameters in addressing the operating condition of non-ideal behavior of the diode existing in our experimental work. In principle, if the recombination occurs in the neutral region of the pn junction or in the space charge region mediated by recombination centers in the bandgap, results in N value of 1 or 2 respectively. However, in non-ideal case, the N values are greater than 2 and their explanations and interpretations are posed by many factors [2] . I-V curve is fitted for pn1, pn2, and pn3 heterojunction and it demonstrates low rectification ratio exhibiting almost an Ohmic junction and high N value revealing poor diode capability. This behavior is interpreted in terms of carrier confinement and current confinement. In forward bias, the circuit acts as a closed switch with zero resistance, as a result the diode current is infinity. The diode current is either due to the recombination of majority carriers in the pn junction or small minority diffusion current in the p and n neutral region or summation of both. In our case, there is no significant variation in carrier concentration, as a result carrier confinement is failed to be established. Lack of carrier confinement reduces the probability of radiative recombination, where the injected electrons and holes recombine close to the junction, and hence suppress the recombination current. In the reverse bias, the ideal diode acts as an open switch with infinite resistance and zero current. However, in pn hetero-junction, large reverse saturation current in the range of mA are produced. This is the surface leakage current originating from metal-semiconductor contact area and pn junction area. The above results and discussions ends in diode with high ideality factor and low rectification ratio. 
CONCLUSIONS
In summary, n-type inorganic ZnO and p-type organic RB are achieved by solution-route spin coating process. pn hetero-junctions of three different combinations are fabricated and their rectification property are studied by I-V measurements. The I-V characteristics show the existence of poor rectifying hetero-junction with high ideality factor and low rectification ratio. Being an attempt in designing hetero-junction through solution-route spin coating methodology for the first time, the device properties are encouraging and can be further enhanced by optimizing the coating parameters and improving the crystalline quality that would reduce the surface leakage current. It is known that crystalline quality of the film is the deterministic factor affecting the enhancement of electrical conductivity and optical transmission of the films. As a general conclusion, it is established that the overall efficiency of the diode depends on the carrier concentration which is to be maximized, and the reverse saturation current which has to be minimized.
